In this paper we give explicit formulas for the resolvent kernels with uniform magnetic field on the hyperbolic plane, as applications of our results we solve explicitly two times dependent Schrödinger equations with uniform magnetic field on the hyperbolic plane.
Introduction
The main objective of this paper is to give explicit formulas for the Shwartz kernels G k (λ, w, w ′ ) of the resolvent operators (D k + λ 2 ) −1 , with the operator D k is the modified Schrödinger operator with uniform magnetic field on the hyperbolic plane given by
where L ID k is the Schrödinger operator with uniform magnetic field on the hyperbolic disc ID given in ) by
The operators L ID k has a physical interpretation as being the Hamiltonian which governs a non relativistic charged particle moving under the influence of the magnetic field of constant strength |k|, perpendicular to ID. The operators D k is non-positive, definite and it has an absolute continuous spectrum and a points spectrum if |k| ≥ 1/2 see Boussejra -Intissar [1] . For a recent work on this operator (see Ould Moustapha [6] ) and the references therein. For k = 0, the operator D 0 reduces to the free Laplace-Beltrami operators on the hyperbolic plane. The free resolvent kernel on the disc model is given by
with s = (1 − iλ)/2 and r(w, w ′ ) is the distance. The function F (a, b, c, z) is the Gauss hypergeometric function defined by: 
Resolvent kernel with uniform magnetic field on the hyperbolic plane
In this section we give explicit formulas for the resolvent kernel with uniform magnetic field on the hyperbolic disc ID = {w ∈ I C, |w| < 1} endowed with the metric ds = 2 |dw| (1−|w| 2 ) . The associated group of motions is
The distance r(w, w ′ ) between two point w, w ′ ∈ ID is given by
.
We define here a unitary projective representation T k of the group G on the
where the automorphic factor
is defined, up to a mild ambiguity in the k powers, which depends only on G and k and such ambiguity disappears if the group SU(1, 1) is replaced by the universal covering group SU(1, 1). Note that the factor J k satisfies, up to a factor of modulus one depending only on G and k, the chain rule
In the sequel we use the following proposition Proposition 2.1. i) For k real number, the modified Schrödinger operator with uniform magnetic field D k is T k invariant, that is we have for every
then we have g w ∈ G and g w 0 = w.
iii) For f ∈ L 2 µ (ID) the following formulas hold
Proof. The proof of the part i) is contained in (Boussejra-Intissar [1] ). The proof of the parts ii), iii) and iv) are simple and are left as an exercise.
Proof. Using the geodesic polar coordinates, w = tanh r/2 ω, r > 0 and ω ∈ S 1 we see that the radial part of the Magnetic Laplacian D k is given by
Using the variables changes y = cosh 2 (r/2), we get the result of i). The part ii) is simple and is left to the reader.
Proposition 2.2. The Helmholtz equation with magnetic field on the hyperbolic disc model
has two linearly independent solutions
where F (a, b, c, z) is the Gauss hypergeometric function defined by: 
(2.17) i) G(s, r) is analytic in λ and C ∞ in r for r > 0.
ii) G(s, r) ∼= − 1 4π ln sinh 2 r/2; r −→ 0.
iii) ∂G(s,r)
The proof of this lemma uses essentially the properties of hypergeometric functions in (Magnus et al. [5] p.44).
18)
where δ is the Dirac measure Proof.
Performing two integrations by parts we obtain
(2.24)
is given by (2.17) and T k (g w ′ ) is as in (2.8) then we have:
25)
with y = cosh −2 (r(w, w ′ )/2). The following formulas hold
27)
where D w k is the modified Schrödinger operator with magnetic field with respect to w.
Proof. The first formula is consequences of (2.17) and (2.8). For the last two results, Using the formula (2.6) and (2.9) we can write
• ii) For x > 1 , ℜµ > 0 ℜν > 0 and ℜa > 0 and ℜb > 0,
, using the integral representation see(Magnus et al. [5] , p.54).
we obtain the result of i). To see ii) we use the following formula twice (Intissar et al. [4] )
36)
with for x > 1 , ℜµ > 0 and ℜb > 0, to obtain
(2.38)
Using i) we arrive at the result ii) and the proof of the lemma is finished. Theorem 2.3. Let G k (r, λ) be the resolvent kernel for the Schrödinger operator with magnetic potential on hyperbolic plane, for ℑλ > −1/2, the following equality holds
where F (a, b, c, z) is the Gauss hypergeometric function in (2.15 ).
Proof. We use ii) of Lemma 2.3 with a = s − |k|, b = s + |k|, µ = |k|, ν = 1/2 − |k|, x = cosh 2 r/2, z = cosh 2 ρ/2 as well as the formula (Magnus et al. [5] , p.39),
Note that for k integer or a half of an integer by (Magnus et al. [5] , p.39) T n (1 − 2x) = F (−n, n, 1 2 , x), and we can write W k (t, r) = 1 2π cosh 2 (t/2) − cosh 2 (r/2))
where T 2k (x) are the Chebichev polynomials of the first kind.
Theorem 2.4. Let G k (λ, w, w ′ ) be the resolvent kernel with magnetic potential on the disc model of the hyperbolic plane, then we have In this section using our results, we solve explicitly the following two times dependent Schrödinger equations with uniform magnetic fields on the hyperbolic plane, called respectively the wave and the heat equations with magnetic field on the hyperbolic plane.
and 
with 2 F 1 is the Gauss hypergeometric function (2.15).
Proof.
(a 2 + y 2 ) −1 = ∞ 0 e −ax sin xy y dx, with y = √ −D and a = −iλ we can write
comparing with the formula (2.43) we have the result of the Corollary.
Note that the above corollary agrees with the results obtained in Ould Moustapha [6] see also Intissar-Ould Moustapha [3] . 
